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THE PHYSIOLOGICAL FUNCTION AND APPLICATION
OF CEREAL B-GLUCAN IN THE FERMENTED DAIRY
PRODUCTS

Qu Xiaoging, Ju. Nazarenko, Li Bo

p-glucan is an important dietary fiber, it has many excellent physiological
functions,and alsois one of the important raw materials for preventing many chronic
diseases. Cereal [-glucan is a functional ingredient with easily obtain, and has a high
market share. Firstly, the structural characteristics, sources and physiological
Sfunctions of p-glucan were introduced in this paper; following, the physical and
chemical properties of p-glucan were introduced; finally, the current situation of
cereal p-glucan as a functional food ingredient in fermented dairy products was
discussed. Overall, cereal -glucan has a good affect in the fermented dairy products.

Keywords: cereal, p-glucan, physiological function, application, fermented
dairy products.

PI3I0JIOTTYHA ®YHKIIA TA 3ACTOCYBAHHSA
3EPHOBHUX B-TJIIOKAHY Y ®EPMEHTOBAHUX
MOJIOYHUX NPOAYKTAX: OI'JIAJ

Lo Cson3uns, FO. Hazapenko, Jli bo
[-emoxkan — ye nonicaxapud iz 0082UM MOAEKYIAPHUM TAHYIO2OM, JAHKU

K020 npedcmasnieni  2n0K030i0. Bin  ioHocumbcsi 00  GIlONOSIMHO  AKMUBHUX
PeyosUH, CHPpUAMAUBO 6NAUBAE HA 6CI GHYMPIWHI opeanu i cucmemu a0ounu. €
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PI3HOBUOOM KIIMKOGUHU, d 3HAYUMb, CHPUSE OYUUEHHIO KUWEYHUKA | Hopmanizayii
1020 mikpogropu. Bin mac 6azamo kopuchux ¢hizionoziynux (ynkyitl, € 0OHUM i3
8AICIUBUX CUPOGUHHUX Mamepianié 01 Npoginaxmuxu 6azamvox XpOHIYHUX
3axgopiogans. Lleti inepedicum € eghexkmueHuUM IMYHOMOOYIIOIOUUM A2EHMOM,
WUPOKO ~ GUKOPUCIOBYEMbCA 6  MeOUYHill npakmuyi ma npo@inakmuiHomy
XapuyeauHi 8 ycbomy ceimi. BiOkpumms epynu HaAmypaibHuX aKmueHUx pPeyosuH
[-entoxanie i3 MIHIMyMOM NOOIUHUX eghekmis i3 MOUKU 30py CYHUACHOI MeOUYUHU
Oyorce  sadxcnuse. Egexmusnicmv  f-enrokanie 01 MiKyeanHs I npo@irakmuxu
6a2amvox 3ax60pPH6AHb 3ACHOBAHA HA KOPE2Y8AHHI HeCMIKOCMI IMYHHOI cucmemu i
HEOOHOPA3060  NiOMEepOdNceHa bazamvMa  eKCNepUMeHmMamyu i KIHIYHUMU
odocnidoxcennamu. 3epHosutl f-entokau € QyHKYIOHATbHUM THZPeOIEHMOM, AKULL 1e2KO
ompumyeamu, 30epicamu U uxopucmogyeamu. Bin € Oyoce nowupenum
npodykmom. Y yiti pobomi npedcmagneni CmpykmypHi Xapakmepucmuxu, oxcepena
ompumanHs ma Qizionociuni QyHkyii f-emoxany, @izuuni ma XiMiuHi 61acmu8ocmi
-entokany, o0TpyHmMOBAHO CYHACHY CUMYaYiio 3 6UKOPUCIAHHSA 31AKI6 -2NIOKAHY K
@DYHKYIOHATNbHO20 — Xap406020  iHepedieHma Y  (PepMeHmOosaHux  MONOYHUX
npoodykmax. HucneYui cyuacHi 00CnioxceHHs: 6 2any3i MexHON02i KUCTOMOIOUHUX
Hanoig 0ogenu, w0 y BIiON0GIOHOMY OIanA30Hi [-2NIOKAH 3EPHOBUX MOdHCe
nokpawumu cmpykmypHi xapakmepucmuxu npooykmie. Hanpuxnao, eniugaiouu na
cmpykmypy mepedci 0inka ni0 uac pepmenmayii, 6iH 3MeHwye 8i00ineHHA
cupogamku, NOKpawyye 30amHiCMb ympumysamu 600y ma 6 A3Kicmb )
KUCTOMONOUHUX npooykmax. IIpu yvomy modce Oymu 6uxopucmauuii ons
BUPOOHUYMBA NEPEBANCHO HUSLKONCUPHUX (DePMEHMOBAHUX MONOYHUX NPOOYKMIE,
OCKIbKU MAE OP2AHONENMUYHI 8lIACTNUBOCTI HCUPHUX NPOOYKMIE, NOKPAWYE CMAK |
KOHCUcmenyilo.  f-enokan  mae — 0a2amMOKOMNOHEHMHUN  XiMiuHuil  CcK1ao,
npebiomuyny Oitlo, y pasi GUKOPUCIANHA 8 KUCTOMOJOUYHUX NPOOYKMAX MOJice
yuHumu  eupadceHull  OighiooceHHull  6nAU6. 3asHaueHe BIONOBIOAE  BUMO2AM
HYMpuyionozii 00 Xapuy8anHs cyu4acHoi TI0OUHI.

Knwuoei cnosa: 3naxu, f-entoxan, ¢hizionoziuna yukyis, 3acmocysamms,
KUCLOMONIOYHI NPOOYKMU.

Statement of the problem. With the rapid development of modern
food industry, the proportion of health food in people’s diet is increasing
sharply. Meanwhile, due to the accelerated pace of life, and people’s
physical exercise is reduced, which increases the risk of people suffering
from chronic diseases, such as hypertension, diabetes, dyslipidemia and
overweight/obesity. Nutrition intervention can prevent and control these
chronic diseases. For example, adding dietary fiber with multiple health
functions is an important method.

The incidence rate of lifestyle diseases is increasing rapidly. The
incidence rate of diseases caused by unhealthy lifestyles is increasing all
over the world. It was reported that the global proportion of overweight
adults has reached 1.8 billion, of which more than 600 million adults were
affected by obesity (WHO: profile, 2016). Many diseases, such as coronary
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heart disease (CHD), stroke, insulin resistance, type Il diabetes,
hypertension and metabolic syndrome, are associated with overweight [1].
From 1980 to 2014, the number of diabetes cases were increased fourfold in
the world (from 108 million to 422 million). It is estimated that by 2045,
there will be as many as 700 million adults with diabetes, and 90% of them
will be patients with type Il diabetes [2].

Nutrition therapy combined with physical exercise plays an
extremely key role in the prevention and treatment of lifestyle diseases.
Among them, the intake of food rich in fiber is one of the important
nutritional therapies. Cereal B-glucan has a variety of physiological effects,
which can effectively prevent metabolic syndrome, type Il diabetes and
other chronic diseases [3], and has attracted more and more attention of
researchers in various countries.

Structural characteristics and sources of g-glucan. Glucan is a type
of carbohydrate polymerized from D-glucopyranose monomer. According
to the different glycosidic bond, it can be divided into a-glucan and B-
glucan, which is an important part of cereal organisms. B-glucan is a kind of
water-soluble/water-insoluble non starch homopolysaccharide, which can
be linked by B-1,3, B-1,4, B-1,6 glycosidic bonds, and its structure is
branched or circular. B-glucan widely exists in plants, fungi and bacteria,
especially in cereals and fungi [4].

The cereal sources of B-glucan are barley [4], wheat, oat, etc., and
with different contents, such as barley 2.5% — 11.3%, 2.2% — 7.8%, wheat
0.2% — 1.2% [5]. The structure of cereal B-glucan is generally composed of
B-1,3 and B-1,4 glycosidic bonds without branched chain structure, as
shown in Fig. 1 [4].

Fig. 1. Chemical structure of b-glucan from cereals
(Source: Adapted from Zhu, Du, & Xu, (2016) [4])

Barley, oat and wheat have similar structure of p-glucan, they are
composed of B-1,3 and B-1,4 glycosidic bonds, but the chain length and
proportion of f-1,4 and B-1,3 glycosidic bonds are different. In addition, the
ratio of cellotriose (DP3) andcellotriose (DP4) determine the diversity of
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cereal B-glucan, and they molar ratio is known as the structural fingerprint
of cereal B-glucan, which is an important structural feature of cereal -
glucan).

B-glucan is an important component of cell wall in the edible fungi,
yeast and bacteria. It is mainly composed of B-1,3 and B-1,6 glycosidic
bonds alone or/and mixed, and most of them have branched chain structure.
At present, the main sources of edible fungi studied are Pleurotusostreatus,
Coprinuscomatus and Agaricusbisporus [6], the main source of fungi is
yeast, and the bacteria is Lactobacillus brevis in beer [7].

3. Physiological functions of g-glucan

3.1. Regulating blood sugar

Because its strong hydration ability and high viscosity, B-glucan can
delay intestinal absorption of carbohydrate and reduce exogenous blood
glucose. B-glucan can also protect and improve the functional characteristics
of islet B cells, and let the insulin maintains stable secretion and, achieves
the purpose of regulating blood glucose.

Oat B-glucan can significantly reduce glycemic index (GI). Previous
studies found that oat B-glucan can significantly reduce the Gl value of food
[8]. Kim et al. (2013) reported that increasing the oat p-glucan content, the
Gl value of food showed a downward trend, and the Gl value of starch
showed a downward trend with the increase of B-glucan molecular weight
and viscosity [9]. Oat B-glucan can effectively reduce the body’s fasting
blood glucose [10], improve the body’s postprandial blood glucose. Rami,
Zidek and Schober (2001) showed that the bedtime snacks containing 1.8 g
oat B-glucan can significantly reduce postprandial blood glucose in children
with type Il diabetes [11]. The other, dietary supplementation of 6% oat f3-
glucan reduced postprandial blood glucose of experimental pigs [12].

3.2. Regulating cholesterol

It is well known that intake p-glucan can reduce the levels of total
cholesterol and low-density lipoprotein cholesterol in blood, increase the
level of free fatty acids in blood, regulate lipid metabolism disorder, and
restore the level of triglyceride in blood to normal. Wolever et al. (2010)
found that the oat B-glucan with high, medium and low molecular weight
have different ability to reduce serum low-density lipoprotein cholesterol,
but the treatment effect was not affected by the age and gender [13]. Some
researches showed that B-glucan from different sources can reduce
cholesterol and blood glucose [14].

3.3. Regulating immunity

B-glucan has the function of regulating immunity, and can stimulate
the antibacterial activity. B-glucan regulates the expression levels of genes
related to immune cells, and has the effect of anti-cancer and anti-tumor [15].
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3.4. Other physiological functions

B-glucan can reduce the fat obesity [16], enhance gastrointestinal
peristalsis [17], maintain the intestinal health [18], anti-inflammatory [19], and
effectively prevent the metabolic syndrome and other chronic diseases [20].

B-glucan has been certified as a type of health food by the Food and
Drug Administration (FDA), and European Food Safety Authority (EFSA).
It is recommended to ingest at least 0.75g p-glucan per day, and 3 ¢
B-glucan can achieve health function (EFSA).

4. Physicochemical properties of g-glucan and its application in food
industry

4.1. Physicochemical properties of S-glucan

The physicochemical properties of p-glucan mainly includes the
hydration (water holding and swelling), rheological properties, foaming
properties and emulsifying properties. Rheological properties include the
viscosity, gelation, shear thinning, viscoelasticity and so on. The differences of
their properties are mainly related to the structure and concentration of -glucan.

Compared with the cereal derived B-glucan, microbial derived
B-glucan has a stronger swelling ability, and a lower hydration ability,
foaming ability, foaming stability and fat binding ability. For example, the
high viscosity and poor water solubility of B-glucan in yeast limits its
application in industry [14].

By dissolving in water, the cereal B-glucan can form a highly viscous
solution in the gastrointestinal tract [9]. Oat B-glucan has a good hydration
capacity, with swelling capacity of 12.1~15.1 g/g [21]. It has been reported
that the cereal B-glucan has a higher bioactivity due to it’s better water
solubility [22].

The viscosity of B-glucan solution is affected by the source,
molecular weight, temperature, concentration and solvent. The structure of
B-glucan is the most important factor. Mikkelsen et al. (2010) found that the
viscosity of oat B-glucan was 100 times higher than that of barley B-glucan
at the same concentration [23]. This is mainly because its molecular chain
contains a high proportion of -1,4/8-1,3 and DP4/DP3. Agbenorhevi et al.
(2011) studied the rheological properties and microstructure of oat f-glucan
with the different molecular weight, who considered that the rheological
behavior was highly depended on the molecular weight and the
concentration of pB-glucan [24]. The higher the molecular weight of oat p-
glucan was, the higher the viscosity of oat B-glucan was. The concentration
is also an important factor toaffecte the viscosity of oat f-glucan solution.
Oat B-glucan solution can produce higher viscosity at lower concentration.
When the concentration is above 2g/L, the apparent viscosity decreases with
the increase of shear rate, which shows the typical characteristics of
pseudoplastic fluid [25]. According to the research of Autio, Myllymaki et
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al. (1987), the oat B-glucan showed better rheological properties when the
concentration was lower than 1% [26].

The gelation of cereal B-glucan is one of the important processing
characteristics [27]. It plays a decisive role in the texture of food. It’s
texture characteristics can be controlled by molecular weight fraction or
concentration. In practical application, it is necessary to select the
appropriate molecular weight and concentration of B-glucan to meet the
industrial requirements.

4.2. Application of g-glucan in food industry

B-glucan products on the markets of various countries are mainly
extracted from cereal, yeast and other raw materials. In the actual industrial
processing and application, considering the availability of B-glucan sources
and the differences in its processing characteristics and physiological
functions, the cereal B-glucan, especially oat B-glucan, has an important
application value, which has attracted the close attention of researchers all
over the world . According to the survey data of FMRI, the global market
value of B-glucan was US $307.8 million in 2016. The other, according to
the market and market forecast, the global B-glucan market will reach 476.5
million US dollars until 2022, showing a great development potential [28].

B-glucan has become a hot spot in food science and life science, due
to its availability of raw materials, processing characteristics and various
physiological functions. As an important functional food ingredient, it is
widely used in biscuits, bread, cake, meat, dairy and other foods. Beside
affecting the sensory properties of food, the cereal B-glucan can interact
with fat, protein, starch and other substances in food, through its water
holding, oil holding and emulsifying properties.

5. Research progress on application of cereal g-glucan in yogurt

Fermented dairy products are an important part of the global human
diet. Yogurt is a high protein healthy food, its consumption is a sign of
healthy diet and lifestyle. Many researchers tried to add oat and barley
B-glucan to the fermented dairy products. Oat and barley B-glucan are
mainly used as polysaccharide/dietary fiber to influence the texture of
yogurt, and have the prebiotic properties.

5.1. Effect of cereal p-glucan on texture and structure of yogurt

Current studies have proved that in an appropriate range, cereal
B-glucan can improve the texture characteristics of yogurt, such as affecting
the network structure of protein in yogurt, reducing the separation of whey,
improving the water holding capacity and viscosity value of yogurt, etc. The
specific addition amount and application methods are shown in Table 1.
with fat, protein, starch and other substances in food, through its water
holding, oil holding and emulsifying properties.
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Application of cereal B-glucan in fermented dairy products

Table 1

Source Brand/ Amount Application Technological Main References
Concentration used Method function results
1 2 3 4 5 6 7
Barley Differing in | 0.5-2.0% | Different concentrations | High concentration Using high B-glucan [29]
B-glucan| molecular size of fresh f - glucan of B-glucan concentration (1.5% and 2.0%,
40x solution were prepared, reduces serum w/w) in milk gels containing
10° Da-250x and different levels of | separation of milk low skim milk levels (up to
10° Da skimmed milk were gel 12%, w/w) or B-glucans having
added. After structural features that promote
sterilization, the high viscosity or a secondary
dispersion was acidified gel network formation by the
at42 °C for 18 h. polysaccharide
Cereal B-glucan 0.25-1% | Milk was mixed with The use of The best results were obtained [30]
B-glucan| composite /fat B-glucan complex B-glucan by addition of the composite at
replacer and skimmed milk hydrocolloidal a level of 0.25% or 0.50% for
powder at 5% (w/w) | composite in non- the manufacture of non-fat
level, homogenized, fat yogurt affects yogurt
cooled, added with the whey
starter, fermented separation and
and refrigerated viscosity of fat
free yogurt
Oat B-glucans were | 1-2% | 0, 1and 2% levels of B-glucan had Results showed that the [31]
B-glucan| extracted from B-glucan were added significantly optimum conditions to obtain
oats (non- to milk, (P<0.05) increasing | the synbiotic yogurt made by
homogenized, effects on camel milk were defined as:
sterilized, adding 2% B-glucan

68




Continuation of Table 1

1 2 3 4 5 6 7
enzymatic probiotics added, filling, | viscosity, WHC and the | (prebiotic agent) to milk
method) fermented and storage viability of probiotic with 1.9% fat content
bacteria inoculated to 0.5%
probiotic bacteria with a
storage time of 7 d.
Barley Commercial |0.25-1.0% Weighed amount of Enhance the functional | Syneresis and viscosity [32]
B-glucan | food grade B- B-glucan (0.25-1%) was properties, provide was positively affected
glucan, 75% added gradually in functionality of missing with the addition of
buffalo skim- med milk at fat and to improve B-glucan till 0.5% level
45 °C sterilized, physical, rheological and higher
probiotics added, filling, and textural properties concentration caused
sealing and storage of the final product destabilization of the
product
Barley 91.52% 0.5-2% | Milk containing 4.5% fat Improved the Addition of B-glucan [33]
B-glucan and 2% skimmed milk rheological, significantly (p<0.05)

powder were
homogenized, heated for
5 min, B-glucan was
dispersed into 100 mL of
hot milk at 60 °C, stirred
continuously for 10
minutes, and then
introduced into the rest of
the milk used for yogurt
preparation, stirred for
2 min. Add sugar (12%) to
the milk, mix for 5 min,

physiochemical and
sensory properties of the
yogurt improved the
nutritional values by
acting as prebiotic in
probiotic yogurt

improved whey
separation (syneresis),
viscosity, texture
profile and sensory
characteristics during
storage
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Continuation of Table 1

1 2 3 4 5 6 7
then pasteurize at 80 °C for 5
minutes, cool to 45 °C for 5
min, add starter, ferment and
storage
OatB- | 86% | 0.10%, The B-glucan powder was Better sensory Low-fat yogurt enriched with [34]
glucan 0.15%, added into the milk matrix at | evaluation results, B-glucan at 0.10% level
0.20% the levels of 0.10%, 0.15% lower syneresis, demonstrated superior quality,
and 0.20%, heated at 95 °C for | and better WHC less whey separation, good
10 min for pasteurization, textural properties and lower
distributed into the pre syneresis
sterilized glass container and
cooled to 4 °C for 1 d. Add the
starter and culture at 40 °C
until the final pH
value is (4.9 +0.1)
Oat - | 86% | 0.15% | The milk was heated to 30 °C, Improve the After adding B-glucan, the [35]
glucan standard B-glucan was added texture of yogurt, dehydration rate and WHC of

gradually, heated to 60 °C, the
mixture was stirred
continuously at 600 rpm for
20 min in a magnetic stirrer,
then cooled to the
fermentation temperature of
40...42 °C, the starter was
added, fermented and storage

shorten the
fermentation time
and improve the

function of

probiotics

yogurt increased from 23.6% and
44.1% to 17.06% and 49.6%, the
viscosity of yogurt increased by
2.3 mPa-s, the fermentation time
shortened by 30 min, and the total
number of probiotics increased by
2-10" CFU/g
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5. Research progress on application of cereal -glucan in yogurt

Fermented dairy products are an important part of the global human
diet. Yogurt is a high protein healthy food, its consumption is a sign of
healthy diet and lifestyle. Many researchers tried to add oat and barley
B-glucan to the fermented dairy products. Oat and barley B-glucan are
mainly used as polysaccharide/dietary fiber to influence the texture of
yogurt, and have the prebiotic properties.

5.1. Effect of cerea/ f-glucan on texture and structure of yogurt

Current studies have proved that in an appropriate range, cereal
B-glucan can improve the texture characteristics of yogurt, such as affecting
the network structure of protein in yogurt, reducing the separation of whey,
improving the water holding capacity and viscosity value of yogurt, etc. The
specific addition amount and application methods are shown in Table 1.

5.2. Prebiotic properties

In addition to improve the texture of yogurt, the cereal B-glucan has
been shown to have a prebiotic properties. In the gastrointestinal tract,
cereal B-glucan is act as a substrate for microbial fermentation, it selectively
stimulating the growth and activity of a small number of beneficial bacteria.
Shen et al. (2012) adopted the way of gavage the mice with oat B-glucan
and barley PB-glucan for 6 weeks and analyzed the intestinal health
indicators, who found that the number of Lactobacillus and Bifidobacterium
in the intestinal tract of mice were increased during the administration of
cereal B-glucan, and the intestinal health promotion effect of oat B-glucan
was better than that of barley B-glucan [36]. Gee et al. (2007) studied the
effect of barley B-glucan on the growth of two yoghurt starter cultures
(SCS) composed of Streptococcus thermophilus, Lactobacillus delbrueckii
and subsp. Bulgaricus, and through monitoring the fermentation efficiency
of SCS with pH value, who found that barley B-glucan had not adverse
effect on the growth of SCS [37]. Ibrahim et al. (2009) studied the effects of
adding oat B-glucan and/or Bifidobacterium producing exopolysaccharides
(EPS) on the physical properties, fermentation time and sensory standard of
low-fat yogurt (fat content 1.5%), the results showed that adding oat -
glucan and EPS producing Bifidobacterium to low-fat yogurt could improve
the physical and sensory properties of yogurt and increased the activity of
probiotics [38]. Rosburg et al. (2010) found that 0.44% B-glucan
(concentrated or freeze-dried) had protective effect of the
Bifidobacteriumunder cold storage [39].

Some scholars have conducted in vitro digestion experiments and
medical nutrition experiments on the application of cereal B-glucan in
yogurt. Rinaldi et al. (2015) studied the bioavailability of peptides and
amino acids (AA) in acidic milk gel (or yogurt) containing denatured corn
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starch, pectin and 75.6% pure barley B-glucan, the results showed that the
different polysaccharides added at the end of digestion had not effect on the
bioavailability of protein [40].

Liutkevicius et al. (2015) studied that the addition of 0.6% oat B-
glucan had not effected on the fermentation time of fermented products
(yogurt, Kefir and fermented milk drinks), and significantly increased the
viscosity of the products. The medical nutrition experiment showed that
after 21 days of consumption of fermented products containing B-glucan,
the total cholesterol and low density lipoprotein in the blood were
significantly decreased, while the high density lipoprotein (HDL) was
significantly increased, and eating fermented milk beverage based on
buttermilk skimmed milk and rich in oat B-glucan was beneficial to human
health [41].

In a word, cereal B-glucan has a good solubility, high viscosity,
thickening and other processing characteristics, which can improve the
texture structure of yogurt, also have a prebiotic characteristics. Therefore,
it has a good application prospect in the production of functional yogurt.

Conclusion. The number of chronic patients with hypertension,
diabetes, dyslipidemia and overweight/obesity caused by unhealthy lifestyle
is increasing in the world. In recent years, how to improve the health of the
people is the research direction of food scientists. Due to the excellent
properties of cereal B-glucan , food scientists have begun to pay more and
more attention to the application in fermented dairy products. The
application of cereal B-glucan in fermented dairy products can provide
functional dairy products for consumers, promote the sustainable and
healthy development of B-glucan industry, also expand the diversification of
global dairy processing industry. However, there are still many problems in
the current research. The research on the application of cereal B-glucan in
fermented dairy industry is not deep enough, and there is no perfect
research system. Further study on the effect of cereal B-glucan on the
structure and function of dairy products is an important direction of the
future research.
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JTOCJIJIKEHHSA TA NOPIBHSAJIBHUI AHAJII3
BJACTHUBOCTEM PI3HUX BUIB M’SICHOI CHPOBUHU

I'.B. 3anapenko, B.B. lopo:kko, O.I'. IbsikoB,
A.O. Bopucosa, I.B. I'ansicHui

Jlocniooceno @hyHKYIOHATLHO-MEXHONOSTUHI 8IACMUBOCE M 'Aca cmpayca
NOPIGHAHO 3 6AACMUBOCHAMYU KYPAMUHY, ANOSUYUHU MA C8UHUHU. Buseneno, wo
CMpaycamuna — Xapakmepuzyemvcsa — NiOBUUWEHOI0  80JI020NOTUHATILHOW — Md
801020YMPUMYIOHOI0 30AMHICINI0 NOPIGHAHO 3 THUWUMU 8UOAMU M ACHOT CUPOBUHU,
MA€ Kpawji emynveyiodi 61acmueocmi i MeHwe empaiae macy nio 4ac mepmiyHoi
00podKU.

Knrwouoei cnosa: m’sco cmpayca, KypAmuHa, AN06UNUHA, CEUHUHA,
DYHKYIOHATLHO-MEXHON0STUHI 61ACMUBOCIIL.
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